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Abstract 
The World Health Organization declared COVID-19 a global pandemic on the 11th of March 
2020, but the world is still reeling from its aftermath. Originating from China, cases quickly spread 
across the globe, prompting the implementation of stringent measures by world governments in efforts 
to isolate cases and limit the transmission rate of the virus. These measures have however shattered 
the core sustaining pillars of the modern world economies as global trade and cooperation succumbed 
to nationalist focus and competition for scarce supplies. Against this backdrop, this paper presents a 
critical review of the catalogue of negative and positive impacts of the pandemic and proffers 
perspectives on how it can be leveraged to steer towards a better, more resilient low-carbon economy. 
The paper diagnosed the danger of relying on pandemic-driven benefits to achieving sustainable 
development goals and emphasizes a need for a decisive, fundamental structural change to the 
dynamics of how we live. It argues for a rethink of the present global economic growth model, shaped 
by a linear economy system and sustained by profiteering and energy-gulping manufacturing processes, 
in favour of a more sustainable model recalibrated on circular economy (CE) framework. Building on 
evidence in support of CE as a vehicle for balancing the complex equation of accomplishing profit 
with minimal environmental harms, the paper outlines concrete sector-specific recommendations on 
CE-related solutions as a catalyst for the global economic growth and development in a resilient post-
COVID-19 world. 
 
Keywords: COVID-19, Circular Economy, Sustainability, Sustainable Development, Supply Chain Resilience, 
Climate Change 
 
1. Introduction 
The world woke up to a perilous reality on the 11th of March, 2020 when the World Health 
Organization (WHO) declared novel coronavirus (COVID-19) a pandemic (Sohrabi et al., 2020; 
WHO, 2020a). Originating from Wuhan, China, cases rapidly spread to Japan, South Korea, 
Europe and the United States as it reached global proportions. Towards the formal pandemic 
declaration, substantive economic signals from different channels, weeks earlier, indicated the 
world was leaning towards an unprecedented watershed in our lifetime, if not in human history 
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(Gopinath, 2020). In series of revelatory reports (Daszak, 2012; Ford et al., 2009; Webster, 1997), 
experts across professional cadres had long predicted a worldwide pandemic would strain the 
elements of the global supply chains and demands, thereby igniting a cross-border economic 
disaster because of the highly interconnected world we now live in. By all accounts, the emerging 
havoc wrought by the pandemic exceeded the predictions in those commentaries. At the time of 
writing, the virus has killed over 800,000 people worldwide (JHU, 2020), disrupted means of 
livelihoods, cost trillions of dollars while global recession looms (Naidoo and Fisher, 2020). In 
efforts to isolate cases and limit the transmission rate of the virus, while mitigating the pandemic, 
countries across the globe implemented stringent measures such as mandatory national lockdown 
and border closures. 
 
These measures have shattered the core sustaining pillars of modern world economies. 
Currently, the economic shock arising from this pandemic is still being weighed. Data remains in 
flux, government policies oscillate, and the killer virus seeps through nations, affecting production, 
disrupting supply chains and unsettling the financial markets (Bachman, 2020; Sarkis et al., 2020). 
Viewed holistically, the emerging pieces of evidence indicate we are at a most consequential 
moment in history where a rethink of sustainable pathways for the planet has become pertinent. 
Despite this, the measures imposed by governments have also led to some ´DFFLGHQWDOµpositive 
effects on the environment and natural ecosystems. As a result, going forward, a fundamental 
change to human bio-physical activities on earth now appears on the spectrum of possibility 
(Anderson et al., 2020). However, as highlighted by Naidoo and Fisher (2020), our reliance on 
globalization and economic growth as drivers of green investment and sustainable development is 
no longer realistic. The adoption of circular economy (CE) ² an industrial economic model that 
satisfies the multiple roles of decoupling of economic growth from resource consumption, waste 
management and wealth creation ² has been touted to be a viable solution. 
 
No doubt, addressing the public health consequences of COVID-19 is the top priority, 
but the nature of the equally crucial economic recovery efforts necessitates some key questions as 
governments around the world introduce stimulus packages to aid such recovery endeavours: 
Should these packages focus on avenues to economic recovery and growth by thrusting business as usual into overdrive 
or could they be targeted towards constructing a more resilient low-carbon CE? To answer this question, this 
paper builds on the extant literature on public health, socio-economic and environmental 
dimensions of COVID-19 impacts (Gates, 2020b; Guerrieri et al., 2020; Piguillem and Shi, 2020; 
Sohrabi et al., 2020), and examines its interplay with CE approaches. It argues for the recalibration 
and rethink of the present global economic growth model, shaped by a linear economy system and 
sustained by profit-before-planet and energy-intensive manufacturing processes, in favour of CE. 
Building on evidence in support of CE as a vehicle for balancing the complex equation of 
accomplishing profit with minimal environmental harms, the paper outlines tangible sector-
specific recommendations on CE-related solutions as a catalyst for the global economic boom in 
a resilient post-COVID-19 world. It is conceived WKDWWKH´DFFLGHQWDOµRUWKHSDQGHPLF-induced 
CE strategies and behavioural changes that ensued during coronavirus crisis can be leveraged or 
locked in, to provide opportunities for both future resilience and competitiveness. 
In light of the above, the paper is structured as follows. In Section 2, the methodological 
framework, which informed the critical literature review is presented. A brief overview of the 
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historical context of previous epidemics and pandemics is presented in Section 3 as a requisite 
background on how pandemics have shaped human history and economies and why COVID-19 
is different. In Section 4, an overview of the impacts (both negative and positive) of COVID-19 
in terms of policy frameworks, global economy, ecosystems and sustainability are presented. The 
role of the CE as a constructive change driver is detailed in Section 5. In Section 6, opportunities 
for CE after COVID-19 as well as sector-specific recommendations on strategies and measures 
for advancing CE is presented, leading to the summary and concluding remarks in Section 7.  
 
2. Methods 
A literature review exemplifies a conundrum because an effective one cannot be conducted 
unless a problem statement is established (Ibn-Mohammed, 2017). Yet, the literature search plays 
an integral role in establishing many research problems. In this paper, the approach taken to 
overcome this conundrum involves searching and reviewing the existing literature in the specific 
area of study (i.e. impacts of COVID-19 on global economy and ecosystems in the context of CE). 
This was used to develop the theoretical framework from which the current study emerges and 
adopting this to establish a conceptual framework which then becomes the basis of the current 
review. The paper adopts the critical literature review (CLR) approach given that it entails the 
assessment, critique and synthetisation of relevant literature regarding the topic under investigation 
in a manner that facilitates the emergence of new theoretical frameworks and perspectives from a 
wide array of different fields (Snyder, 2019). CLR suffers from an inherent weakness in terms of 
subjectivity towards literature selection (Snyder, 2019), prompting Grant and Booth (2009) to 
submit that systematic literature review (SLR) could mitigate this bias given its strict criteria in 
literature selection that facilitates a detailed analysis of a specific line of investigation. However, a 
number of authors (Morrison et al., 2012; Paez, 2017) have reported that SLR does not allow for 
effective synthesis of academic and grey literature which are not indexed in popular academic 
search engines like Google Scholar, Web-of-Science and Scopus. The current review explores the 
impacts of COVID-19 on the global economy and ecosystems and opportunities for circular 
economy strategies, rather than investigating a specific aspect of the pandemic. As such, adopting 
a CLR approach is favoured in realising the goal of the paper, as it allows for the inclusion of a 
wide range of perspectives and theoretical underpinnings from different sources (Greenhalgh et 
al., 2018; Snyder, 2019) 
 
 
Considering the above, this paper employed archival data consisting of journal articles, 
GRFXPHQWHG QHZV LQ WKH PHGLD H[SHUW UHSRUWV JRYHUQPHQW DQG UHOHYDQW VWDNHKROGHUV· SROLF\
documents, published expert interviews and policy feedback literature that are relevant to COVID-
19 and the concept of CE. To identify the relevant archival data, we focused on several practical 
ways of literature searching using appropriate keywords that are relevant to this work including 
impact (positive and negative) of COVID-19, circular economy, economic resilience, sustainability, 
supply chain resilience, climate change, etc. After identifying articles and relevant documents, their 
contents were examined to determine inclusions and exclusions based on their relevance to the 
topic under investigation.  Ideas generated from reading the resulting papers from the search were 
then used to develop a theoretical framework and a research problem statement, which forms the 
basis for the CLR. The impact analysis for the study was informed by the ࡵ ൌ ࡼ ൈ ࡭ ൈ ࢀ model 
whereby WKH ´LPSDFWµ , RI DQ\ JURXS RU FRXQWU\ RQ WKH HQYLURQPHQW LV D IXQFWLRQ RI WKH
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interaction of its population size (P), per capita affluence (A), expressed in terms of real per capita 
GDP, as a valid approximation of the availability of goods and services and technology (T) 
involved in supporting each unit of consumption.  
 
As shown in the methodological framework in Figure 1, the paper starts with a brief 
review of the impacts of historical plagues to shed more light on the link between the past and the 
unprecedented time, which then led to an overview of the positive and negative impacts of 
COVID-19. The role of CE as a vehicle for constructive change in the light of COVID-19 was 
then explored followed by the synthesis, analysis and reflections on the information gathered 
during the review, leading to sector-specific CE strategy recommendations in a post-COVID-19 
world.  
CIRCULAR 
ECONOMY & 
COVID-19
NEGATIVE
IMPACTS
POSITIVE
IMPACTS
IMPACT OF COVID-19
ROLE OF CIRCULAR 
ECONOMY AS A 
CONSTRUCTIVE 
CHANGE DRIVER
IPAT MODEL
CRITICAL LITERATURE 
REVIEW
(Academic and grey 
literatures)
INFORMATION 
SYNTHESIS, ANALYSIS 
& REFLECTION
Sector-specific CE Strategy Recommendations 
Post COVID-19
HISTORICAL PLAGUES
 
Figure 1: Methodological framework for the critical literature review. 
 
3. A brief account of the socio-economic impacts of historical outbreaks 
At a minimum, pandemics result in the twin crisis of stressing the healthcare infrastructure 
and straining the economic system. However, beyond pandemics, several prior studies have long 
noted that depending on latency, transmission rate, and geographic spread, any form of 
communicable disease outbreak is a potent vector of localized economic hazards (Bloom and 
Cadarette, 2019; Bloom and Canning, 2004; Hotez et al., 2014). History is littered with a catalogue 
of such outbreaks in the form of endemics, epidemics, plagues and pandemics. In many instances, 
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some of these outbreaks have hastened the collapse of empires, overwhelmed the healthcare 
infrastructure, brought unrest and triggered economic dislocations and exposed the fragility of the 
world economy with a knock-on effect on many sectors. Indeed, in the initial few months of 
COVID-19 pandemic, it has become more evident that natural, accidental or intentional biological 
threats outbreak in any country now poses an unquantifiable risk to global health and the world 
economy (Bretscher et al., 2020).  
 
Saunders-Hastings and Krewski (2016) reported that there have been several pandemics 
over the past 100 years. A short but inexhaustible list of outbreaks of communicable diseases 
LQFOXGH¶WKHJUHDWSODJXH·(Duncan-Jones, 1996; Littman and Littman, 1973), the Justinian plague 
(Wagner et al., 2014), the Black Death (Horrox, 2013), the Third Plague pandemic (Bramanti et 
al., 2019; Tan et al., 2002), the Spanish flu (Gibbs et al., 2001; Trilla et al., 2008), HIV/AIDS (De 
Cock et al., 2012), SARS (Lee and McKibbin, 2004), dengue (Murray et al., 2013), and Ebola 
(Baseler et al., 2017), among others. The potency of each of these outbreaks varies. Consequently, 
their economic implications differ according to numerous retrospective analyses (Bloom and 
Cadarette, 2019; Bloom and Canning, 2004; Hotez et al., 2014).  For instance, the Ebola epidemic 
of 2013-2016 created socio-economic impact to the tune of $53 billion across West Africa, 
SOXPPHWHG6LHUUD/HRQH·V*'3LQE\DQGWKDWRI/LEHULDE\EHWZHHQDQG
2014, despite the decline in death rates across the same timeframe (Fernandes, 2020). 
 
As the world slipped into this inflection point, some of the historical lessons from earlier 
pandemics remain salutary, even if the world we live in now significantly differs from those of 
earlier period (McKee and Stuckler, 2020). Several factors differentiate the current socio-economic 
crisis of COVID-19 from the previous ones (Baker et al., 2020), which means direct simple 
comparisons with past global pandemics are impossible (Fernandes, 2020). Some of the 
differentiating factors include the fact that COVID-19 is a global pandemic and it is creating 
knock-on effects across supply chains given that the world has become much more integrated due 
to globalisation and advancements in technology (McKenzie, 2020). Moreover, the world has 
witnessed advances in science, medicine and engineering. The modest number of air travellers 
during past pandemics delayed the global spread of the virus unlike now where global travel has 
increased tremendously. From an economic impact perspective, interest rates are at record lows 
and there is a great imbalance between demand and supply of commodities (Fernandes, 2020). 
More importantly, many of the countries that are hard hit by the current pandemic are not 
exclusively the usual low-middle income countries, but those at the pinnacle of the pyramid of 
manufacturing and global supply chains. Against this backdrop, a review of the impact of COVID-
19 is presented in the next section. 
 
4.  COVID-19: Policy frameworks, global economy, ecosystems and sustainability 
4.1 Evaluation of policy frameworks to combat COVID-19 
The strategies and policies adopted by different countries to cope with COVID-19 have 
varied over the evolving severity and lifetime of the pandemic during which resources have been 
limited (Siow et al., 2020). It is instructive that countries accounting for 65% of global 
manufacturing and exports (i.e. China, USA, Korea, Japan, France, Italy, and UK) were some of 
the hardest to be hit by COVID-19 (Baldwin and Evenett, 2020). Given the level of 
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unpreparedness and lack of resilience of hospitals, numerous policy emphases have gone into 
sourcing for healthcare equipment such as personal protective equipment (PPE) and ventilators 
(Ranney et al., 2020) due to global shortages. For ventilators, in particular, frameworks for 
rationing them along with bed spaces have had to be developed to optimise their usage (White and 
Lo, 2020). Other industries have also been affected, with shocks to their existence, productivity 
and profitability (Danieli and Olmstead-Rumsey, 2020) including the CE-sensitive materials 
extraction and mining industries that have been hit by disruption to their operations and global 
prices of commodities (Laing, 2020).  
 
As highlighted in subsequent sub-sections, one of the psychological impacts of COVID-
19 is panic buying (Arafat et al., 2020), which happens due to uncertainties at national levels (e.g. 
for scarce equipment) and at individual levels (e.g. for everyday consumer products). In both 
instances, the fragility, profiteering and unsustainability of the existing supply chain model have 
been exposed (Spash, 2020).  In fact, Sarkis et al. (2020) questioned whether the global economy 
could afford to return to the just-in-time (JIT) supply chain framework favoured by the healthcare 
sector, given its apparent shortcomings in dealing with much needed supplies. The sub-section 
that follows examines some of the macro and micro economic ramifications of COVID-19.  
 
4.1.1 Macroeconomic impacts: Global productions, exports, and imports. 
 One challenge faced by the healthcare industry is that existing best practices, in countries 
like the USA (e.g. JIT macroeconomic framework), do not incentivise the stockpiling of essential 
medical equipment (Solomon et al., 2020). Although vast sums were budgeted, some governments 
(e.g. UK, India and USA) needed to take extraordinary measures to protect their supply chain to 
the extent that manufacturers like Ford and Dyson ventured into the ventilator design/production 
market (Iyengar et al., 2020). The US, in particular activated the Defense Production Act to compel 
car manufacturers to shift focus on ventilator production (American Geriatrics Society, 2020; 
Solomon et al., 2020) due to the high cost and shortage of this vital equipment. Hospitals and 
suppliers in the US were also forced to enter the global market due to the chronic shortfall of N95 
masks as well as to search for lower priced equipment (Solomon et al., 2020). Interestingly, the 
global production of these specialist masks is thought to be led by China (Baldwin and Evenett, 
2020; Paxton et al., 2020) where COVID-EURNHRXWZLWK(8·VVXSSO\SULPDULO\IURP0DOD\VLD
and Japan (Stellinger et al., 2020). Such was the level of shortage that the US was accused of 
¶SLUDWLQJ·PHGLFDOHTXLSPHQWVXSSOLHVIURP$VLDQFRXQWULHVLQWHQGHGIRU(8FRXQWULHV(Aubrecht 
et al., 2020).  
 
France and Germany followed suit with similar in-ward looking policy and the EU itself 
imposed restrictions on the exportation of PPEs, putting many hitherto dependent countries at 
risk (Bown, 2020). Unsurprisingly, China and the EU saw it fit to reduce or waive import tariffs 
on raw materials and PPE, respectively (Stellinger et al., 2020). Going forward, the life-threatening 
consequences of logistics failures and misallocation of vital equipment and products could breathe 
new life and impetus to technologies like Blockchain, RFID and IoT for increased transparency 
and traceability (Sarkis et al., 2020). Global cooperation and scenario planning will always be 
needed to complement these technologies. In this regard, the EU developed a joint procurement 
framework to reduce competition amongst member states, while in the US, where states had 
complained that federal might was used to interfere with orders, a ventilator exchange program 
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was developed (Aubrecht et al., 2020). However, even with trade agreements and cooperative 
frameworks, the global supply chain cannot depend on imports ² or donations (Evenett, 2020) for 
critical healthcare equipment and this realisation opens doors for localisation of production with 
consequences for improvements in environmental and social sustainability (Baldwin and Evenett, 
2020). This can be seen in the case of N95 masks which overnight became in such high demand 
that airfreights by private and commercial planes were used to deliver them as opposed to 
traditional container shipping (Brown, 2020).  
 
As detailed in forthcoming sections, a significant reduction in emissions linked to 
traditional shipping was observed, yet there was an increase in use of airfreighting due to 
desperation and urgency of demand. Nevertheless, several countries are having to rethink their 
global value chains (Figure 2) as a result of realities highlighted by COVID-19 pandemic (Javorcik, 
2020). This is primarily because national interests and protectionism have been a by-product of 
COVID-19 pandemic and also because many eastern European/Mediterranean countries have a 
relative advantage with respect to Chinese exports. As shown in Figure 2, the global export share 
which each of these countries has, UHODWLYHWR&KLQD·VVKDUHRI the same exports (x-axis) is measured 
against the economies of countries subscribing to the European Bank for Reconstruction and 
Development (EBRD) (y-axis). For each product, the ideal is to have a large circle towards the top 
right-hand corner of the chart. 
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Figure 2: A summary of how some Eastern European / Mediterranean countries have advantages over 
China on certain exports ² based on the Harmonized Commodity Description and Coding System from 
2018, where export volume is represented by dot sizes in millions of USD; Source: Javorcik (2020).  
 
4.1.2 Microeconomic impacts: Consumer behaviour 
For long, there has been a mismatch between consumerist tendencies and biophysical 
realities (Spash, 2020). However, COVID-19 has further exacerbated the need to reflect on the 
social impacts of individual lifestyles. The behaviour of consumers, in many countries, was at some 
point alarmist with a lot of panic buying of food and sanitary products (Sim et al., 2020). At a 
private level, consumer sentiment is also changing. Difficult access to goods and services has 
forced citizens to re-evaluate purchasing patterns and needs, with focus pinned on the most 
essential items (Company, 2020; Lyche, 2020). Spash (2020) argued that technological 
obsolescence of modern products brought about by rapid innovation and individual consumerism 
is also likely to affect the linear economy model which sees, for instance, mobile phones having an 
average life time of four years (two years in the US), assuming their manufacture/repair services 
are constrained by economic shutdown and lockdowns (Schluep, 2009). On the other hand, a 
sector like healthcare, which could benefit from mass production and consumerism of vital 
equipment, is plagued by patenting. Most medical equipment are patented and the issue of a 3D 
SULQWHU·V SDWHQW LQIULQJHPHQW LQ ,WDO\ OHG WR FDOOV IRU ¶2SHQ 6RXUFH 9HQWLODWRUV·  DQG ¶*RRG
6DPDULWDQ/DZV·WRKHOSGHDOZLWKJOREDOKHDOWKHPHUJHQFLHVOLNH&29,'-19 (Pearce, 2020). It is 
plausible that such initiatives/policies could help address the expensive, scarce, high-skill and 
material-intensive production of critical equipment, via cottage industry production.  
 
 
 
For perspective, it should be noted that production capacity of PPE (even for the 
ubiquitous facemasks) have been shown by COVID-19 to be limited across many countries 
(Dargaville et al., 2020) with some countries having to ration facemask production and distribution 
in factories (San Juan, 2020). Unsurprisingly, the homemade facemask industry has not only 
emerged for the protection of mass populations as reported by (Livingston et al., 2020), it has 
become critical for addressing shortages (Rubio-Romero et al., 2020) as well as being part of a 
post-lockdown exit strategy (Allison et al., 2020). A revival of cottage industry production of 
equipment and basic but essential items like facemasks could change the landscape of global 
production for decades, probably leading to an attenuation of consumerist tendencies. This 
pandemic will also impact on R&D going forward, given the high likelihood that recession will 
cause companies to take short-term views, and cancel long and medium-term R&D in favour of 
short-term product development and immediate cash flow/profit as was certainly the case for 
automotive and aerospace sectors in previous recessions. 
 
 
 
4.2 Overview of the negative impacts of COVID-19  
The negative effects have ranged from a severe contraction of GDP in many countries to 
multi-dimensional environmental and social issues across the strata of society. In many respects, 
socio-economic activities came to a halt as: millions were quarantined; borders were shut; schools 
were closed; car/airline, manufacturing and travel industries crippled; trade 
fairs/sporting/entertainment events cancelled, and unemployment claims reached millions while 
the international tourist locations were deserted; and, nationalism and protectionism re-surfaced 
(Baker et al., 2020; Basilaia and Kvavadze, 2020; Devakumar et al., 2020; Kraemer et al., 2020; 
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Thunstrom et al., 2020; Toquero, 2020). In the subsections that follow, an overview of some of 
these negative impacts on the global economy, environment, and society is presented. 
 
 
4.2.1 Negative macroeconomic impact of COVID-19 
Undoubtedly, COVID-19 first and foremost, constitutes a ferocious pandemic and a 
human tragedy that swept across the globe, resulting in a massive health crisis (WHO, 2020b), 
disproportionate social order (UN DESA, 2020), and colossal economic loss (IMF, 2020). It has 
created a substantial negative impact on the global economy, for which governments, firms and 
individuals scramble for adjustments (Fernandes, 2020; Pinner et al., 2020; Sarkis et al., 2020; 
Sohrabi et al., 2020; Van Bavel et al., 2020). Indeed, the COVID-19 pandemic has distorted the 
ZRUOG·VRSHUDWLQJDVVXPSWLRQVUHYHDOLQJWKHDEVROXWHODFNRIUHVLOLHQFHRIWKHGRPLQDQWHFRQRPLF
model to respond to unplanned shocks and crises (Pinner et al., 2020). It has exposed the weakness 
of over-centralization of the complex global supply and production chains networks and the 
fragility of global economies, whilst highlighting weak links across industries, (Fernandes, 2020; 
Guan et al., 2020; Sarkis et al., 2020). This has had a direct impact on employment and heightened 
the risk of food insecurity for millions due to lockdown and border restrictions (Guerrieri et al., 
2020). To some extent, some of the interventional measures introduced by governments across 
the world have resulted in the flattening of the COVID-19 curve (as shown in Figure 3). This has 
helped in preventing healthcare systems from getting completely overwhelmed (JHU, 2020), 
although as at the time of writing this paper, new cases are still being reported in different parts of 
the globe. Fernandes (2020) and McKibbin and Fernando (2020) reported that the socio-economic 
impact of COVID-19 will be felt for many months to come. 
 
Figure 3: Daily confirmed new COVID-19 cases of the current 10 most affected countries based on a 5-
day moving average. Valid as of August 31st, 2020 at 11:46 PM EDT (JHU, 2020). 
  
Guan et al. (2020) submitted that how badly and prolonged the recession rattles the world 
depends on how well and quickly the depth of the socio-economic implications of the pandemic 
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is understood. IMF (2020) reported that in an unprecedented circumstance (except during the 
Great Depression), all economies including developed, emerging, and even developing will likely 
experience recession. In its April World Economic Outlook,  IMF (2020) reversed its early global 
economic growth forecast from 3.3% to -3 %, an unusual downgrade of 6.3% within three months. 
This makes the pandemic a global economic shock like no other since the Great Depression and 
it has already surpassed the global financial crisis of 2009 as depicted in Figure 4. Economies in 
the advanced countries are expected to contract by -6.1% while recession in emerging and 
developing economies is projected (with caution) to be less adverse compared to the developed 
nations with China and India expected to record positive growth by the end of 2020. The 
cumulative GDP loss over the next year from COVID-19 could be around $9 trillion (IMF, 2020). 
 
Figure 4. Socioeconomic impact of COVID-19 lockdown: (a) Comparison of global economic recession 
due to COVID-19 and the 2009 global financial crisis; (b) Advanced economies, emerging and developing 
economies in recession; (c) the major economies in recession ; (d) the cumulative economic output loss 
over 2020 and 2021. Note: Real GDP growth is used for economic growth, as year-on-year for per cent 
change (IMF, 2020). 
 
With massive job loss and excessive income inequality, global poverty is likely to increase 
for the first time since 1998 (Mahler et al., 2020). It is estimated that around 49 million people 
could be pushed into extreme poverty due to COVID-19 with Sub-Sahara Africa projected to be 
KLW KDUGHVW 7KH 8QLWHG 1DWLRQV· 'HSDUWPHQW RI (FRQRPLF DQG 6RFLDO Affairs concluded that 
COVID-19 pandemic may also increase exclusion, inequality, discrimination and global 
unemployment in the medium and long term, if not properly addressed using the most effective 
policy instruments (UN DESA, 2020). The adoption of detailed universal social protection systems 
as a form of automatic stabilizers, can play a long-lasting role in mitigating the prevalence of 
poverty and protecting workers (UN DESA, 2020).  
 
A 
B D 
C 
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4.2.2 Impact of COVID-19 on global supply chain and international trade 
COVID-19 negatively affects the global economy by reshaping supply chains and sectoral 
activities. Supply chains naturally suffer from fragmentation and geographical dispersion. 
However, globalisation has rendered them more complex and interdependent, making them 
vulnerable to disruptions. Based on an analysis by the U.S. Institute for Supply Management, 75% 
of companies have reported disruptions in their supply chain (Fernandes, 2020), unleashing crisis 
that emanated from lack of understanding and flexibility of the several layers of their global supply 
chains and lack of diversification in their sourcing strategies  (McKenzie, 2020). These disruptions 
will impact both exporting countries (i.e. lack of output for their local firms) and importing 
countries (i.e. unavailability of raw materials) (Fernandes, 2020). Consequently, this will lead to the 
FUHDWLRQRIPRPHQWDU\´PDQXIDFWXULQJGHVHUWVµLQZKLFKWKHRXWSXWRIDFRXQWU\UHJLRQRUFLW\
drops significantly, turning into a restricted zone to source anything other than essential items like 
food items and drugs (McKenzie, 2020). This is due to the knock-RQ HIIHFW RI &KLQD·V ULVLQJ
dominance and importance in the global supply chain and economy (McKenzie, 2020). As a 
consequence of COVID-19, the World Trade Organization (WTO) projected a 32% decline in 
global trade (Fernandes, 2020). For instance, global trade has witnessed a huge downturn due to 
reduced Chinese imports and the subsequent fall in global economic activities. This is evident 
because as of 25th March 2020, global trade fell to over 4% contracting for only the second time 
since the mid-1980s (McKenzie, 2020). Figure 5 shows a pictorial representation of impact of 
pandemics on global supply chains based on different waves and threat levels.  
 
Figure 5: Impact of pandemics on global supply chains. Adapted from Eaton and Connor (2020). 
 
4.2.3 Impact of COVID-19 on the aviation sector  
The transportation sector is the hardest hit sector by COVID-19 due to the large-scale 
restrictions in mobility and aviation activities (IEA, 2020; Le Quéré et al., 2020; Muhammad et al., 
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2020). In the aviation sector, for example, where revenue generation is a function of traffic levels, 
the sector has experienced flight cancellations and bans, leading to fewer flights and a 
corresponding immense loss in aeronautical revenues. This is even compounded by the fact that 
in comparison to other stakeholders in the aviation industry, when traffic demand declines, airports 
have limited avenues to reducing costs because the cost of maintaining and operating an airport 
remains the same and airports cannot relocate terminals and runaways or shutdown (Hockley, 
2020).  Specifically, in terms of passenger footfalls in airports and planes, the Air Transport Bureau 
(2020) modelled the impact of COVID-19 on scheduled international passenger traffic for the full 
year 2020 under two scenarios namely Scenario 1 (the first sign of recovery in late May) and 
Scenario 2 (restart in the third quarter or later). Under Scenario 1, it estimated an overall reduction 
of: between 39%-56% of airplane seats; 872-1,303 million passengers, corresponding to a loss of 
gross operating revenues between ~$153 - $ 231 billion. Under Scenario 2, it predicted an overall 
drop of: between 49%-72% of airplane seats; 1,124 to 1,540 million passengers, with an equivalent 
loss of gross operating revenues between ~$198 - $ 273 billion. They concluded that the predicted 
impacts are a function of the duration and size of the pandemic and containment measures, the 
confidence level of customers for air travel, economic situations, and the pace of economic 
recovery (Air Transport Bureau, 2020).  
 
 
The losses incurred by the aviation industry require context and several other comparison-
based predictions within the airline industry have also been reported. For instance, the 
International Civil Aviation Organization ICAO (2020) predicted an overall decline in international 
passengers ranging from 44% to 80% in 2020 compared to 2019. Airports Council International, 
ACI (2020) also forecasted a loss of two-fifths of passenger traffic and >$76 billion in airport 
revenues in 2020 in comparison to business as usual. Similarly, the International Air Transport 
Association IATA (2020) forecasted $113 billion in lost revenue and 48% drop in revenue 
passenger kilometres (RPKs) for both domestic and international routes (Hockley, 2020). For 
pandemic scenario comparisons, Figure 6 shows the impact of past disease outbreaks on aviation. 
As shown, the impact of COVIDǦ19 has already outstripped the 2003 SARS outbreak which had 
resulted in the reduction of annual RPKs by 8% and $6 billion revenues for Asia/Pacific airlines, 
for example. The 6Ǧmonth recovery path of SARS is, therefore, unlikely to be sufficient for the 
ongoing COVID-19 crisis (Air Transport Bureau, 2020) but gives a backdrop and context for how 
airlines and their domestic/international markets may be impacted.  
 
Notably, these predictions are bad news for the commercial aspects of air travel (and jobs) 
but from the carbon/greenhouse gas emission and CE perspective, these reductions are 
enlightening and should force the airline industry to reflect on more environmentally sustainable 
models. However, the onus is also on the aviation industry to emphasise R&D on solutions that 
are CE-friendly (e.g. fuel efficiency; better use of catering wastes; end of service recycling of aircraft 
in sectors such as mass housing, or re-integrating airplane parts into new supply chains) and not 
merely investigating ways to recoup lost revenue due to COVID-19. 
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Figure 6: Impact of past disease outbreaks on aviation (Air Transport Bureau, 2020). 
 
 
4.2.4 Impact of COVID-19 on the tourism industry 
Expectedly, the impact of COVID-19 on aviation has led to a knock-on effect on the 
tourism industry, which is nowadays hugely dependent on air travel. For instance, the United 
Nation World Tourism Organization UNWTO (2020) reported a 22% fall in international tourism 
receipts of $80 billion in 2020, corresponding to a loss of 67 million international arrivals. 
Depending on how long the travel restictions and border closures last, current scenario modelling 
indicated falls between 58% to 78% in the arrival of international tourists, but the outlook remains 
hugely uncertain. The continuous existence of the travel restrictions could put between 100 to 120 
million direct tourism-related jobs at risk. At the moment, COVID-19 has rendered the sector 
worst in the historical patterns of international tourism since 1950 with a tendency to halt a 10-
year period of sustained growth since the last global economic recession (UNWTO, 2020). It has 
also been projected that a drop of ~60% in international tourists will be experienced this year, 
UHGXFLQJWRXULVP·VFRQWULEXWLRQWRJOREDO*'3, while affecting countries whose economy relies 
on this sector (Naidoo and Fisher, 2020).  Figure 7 depicts the impact of COVID-19 on tourism 
in Q1 of 2020 based on % change in international WRXULVWV· arrivals between January and March.  
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Figure 7: The impact of COVID-19 on tourism in quarter 1of 2020. Provisional data but current as of 31st 
August 2020 (UNWTO, 2020). 
 
4.2.5 Impact of COVID-19 on sustainable development goals 
In 2015, the United Nations adopted 17 Sustainable Development Goals (SDGs) with the 
view to improve livelihood and the natural world by 2030, making all countries of the world to 
sign up to it. To succeed, the foundations of the SDGs were premised on two massive assumptions 
namely globalisation and sustained economic growth. However, COVID-19 has significantly 
hampered this assumption due to several factors already discussed. Indeed, COVID-19 has 
brought to the fore the fact that the SDGs as currently designed are not resilient to shocks imposed 
by pandemics. Prior to COVID-19, progress across the SDGs was slow. Naidoo and Fisher (2020) 
reported that two-thirds of the 169 targets will not be accomplished by 2030 and some may 
become counterproductive because they are either under threat due to this pandemic or not in a 
position to mitigate associated impacts.  
4.3 Positive impact of COVID-19  
In this section, we discussed some of the positive ramifications of COVID-19. Despite the 
many detrimental effects, COVID-19 has provoked some natural changes in behaviour and 
attitudes with positive influences on the planet. Nonetheless, to the extent that the trends discussed 
below were imposed by the pandemic, they also underscore a growing momentum for 
transforming business operations and production towards the ideal of the CE. 
 
 
4.3.1 Improvements in air quality  
Due to the COVID-19-induced lockdown, industrial activities have dropped, causing 
significant reductions in air pollution from exhaust fumes from cars, power plants and other 
sources of fuel combustion emissions in most cities across the globe, allowing for improved air 
quality (Le Quéré et al., 2020; Muhammad et al., 2020). This is evident from the National 
Aeronautics and Space Administration (NASA, 2020a) and European Space Agency (ESA, 2020) 
Earth Observatory pollution satellites showing huge reductions in air pollution over China and key 
cities in Europe as depicted in Figure 8. In China, for example, air pollution reduction of between 
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20-30% was achieved and a 20-year low concentration of airborne particles in India is observed; 
Rome, Milan, and Madrid experienced a fall of ~45%, with Paris recording a massive reduction of 
54% (NASA, 2020b). In the same vein, the National Centre for Atmospheric Science, York 
University, reported that air pollutants induced by NO2 fell significantly across large cities in the 
UK. Although Wang et al. (2020) reported that in certain parts of China, severe air pollution events 
are not avoided through the reduction in anthropogenic activities partially due to the unfavourable 
meteorological conditions. Nevertheless, these data are consistent with established accounts 
linking industrialization and urbanization with the negative alteration of the environment (Rees, 
2002). 
 
Figure 8: The upper part shows the average nitrogen dioxide (NO2) concentrations from January 1-20, 
2020 to February 10-25, 2020, in China. While the lower half shows NO2 concentrations over Europe from 
March 13 to April 13, 2020, compared to the March-April averaged concentrations from 2019 (ESA, 2020; 
NASA, 2020a). 
 
The scenarios highlighted above reiterates the fact that our current lifestyles and heavy 
reliance on fossil fuel-based transportation systems have significant consequences on the 
environment and by extension our wellbeing. It is this pollution that was, over time, responsible 
for a scourge of respiratory diseases, coronary heart diseases, lung cancer, asthma etc.(Mabahwi et 
al., 2014), rendering plenty people to be more susceptible to the devastating effects of the 
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coronavirus (Auffhammer et al., 2020). Air pollution constitutes a huge environmental threat to 
health and wellbeing. In the UK for example, between ~28,000 to ~36,000 deaths/year was linked 
to long-term exposure to air pollutants (PHE, 2020). However, the reduction in air pollution with 
the corresponding improvements in air quality over the lockdown period has been reported to 
have saved more lives than already caused by COVID-19 in China (Auffhammer et al., 2020).  
 
4.3.2 Reduction in environmental noise 
Alongside this reduction in air pollutants is a massive reduction in environmental noise. 
Environmental noise, and in particular road traffic noise, has been identified by the European 
Environment Agency, EEA (2020) to constitute a huge environmental problem affecting the 
health and well-being of several millions of people across Europe including distortion in sleep 
pattern, annoyance, and negative impacts on the metabolic and cardiovascular system as well as 
cognitive impairment in children. About RI(XURSH·VSRSXODWLRQH[SHULHQFHs exposure to 
long-term noise levels that are detrimental to their health. The EEA (2020) submitted that 48000 
new cases of ischaemic heart disease/year and ~12000 premature deaths are attributed to  
environmental noise pollution. Additionally, they reported that ~22 million people suffer chronic 
high annoyance alongside ~6.5 million people who experience extreme high sleep disturbance. In 
terms of noise from aircraft, ~12500 schoolchildren were estimated to suffer from reading 
impairment in school. The impact of noise has long been underestimated, and although more 
premature deaths are associated with air pollution in comparison to noise, however noise 
constitutes a bigger impact on indicators of the quality of life and mental health (EEA, 2020).  
 
A recent study on the aftereffect of COVID-19 pandemic on exercise rates across the 
globe concluded that reduced traffic congestions and by extension reduced noise and pollution 
has increased the rate at which people exercise as they leveraged the ensued pleasant atmosphere. 
Average, moderate, and passive (i.e. people who exercised once a week before COVID-19) athletes 
have seen the frequency of their exercise increased by 88%, 38%, and 156% respectively (Snider-
Mcgrath, 2020). 
 
4.3.3 Increased cleanliness of beaches 
Beaches constitute the interface between land and ocean, offering coastal protection from 
marine storms and cyclones (Temmerman et al., 2013), and are an integral part of natural capital 
assets found in coastal areas (Zambrano-Monserrate et al., 2018). They provide services (e.g. 
tourism, recreation) that are crucial for the survival of coastal communities and possess essential 
values that must be prevented against overexploitation (Lucrezi et al., 2016; Vousdoukas et al., 
2020). Questionable use to which most beaches have been subjected have rendered them pollution 
ridden (Partelow et al., 2015). However, due to COVID-19-induced measures, notable changes in 
terms of the physical appearance of numerous beaches across the globe have been observed 
(Zambrano-Monserrate et al., 2020).  
 
4.3.4 Decline in primary energy use 
Global energy demand during the first quarter of 2020 fell by ~3.8% compared to the first 
quarter of 2019, with a significant effect noticeable in March as control efforts heightened in North 
America and Europe (IEA, 2020). The International Energy Agency (IEA) submitted that if 
curtailment measures in the form of restricted movement continue for long and economic 
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recoveries are slow across different parts of the globe, as is progressively likely, annual energy 
demand will plummet by up to 6%, erasing the last five years energy demand growth. As illustrated 
in Figure 9, LI,($·VSURMHFWLRQVbecome the reality, the world could experience a plunge in global 
energy use to a level not recorded in the last 70 years. The impact will surpass the effect of the 
2008 financial crisis by a factor of more than seven times. On the other hand, if COVID-19 is 
contained earlier than anticipated and there is an early re-start of the economy at a successful rate, 
the fall in energy could be constrained to <4% (IEA, 2020). However, a rough re-start of the 
economy characterised by supply chain disruptions and a second wave of infections in the second 
half of the year could further impede growth  (IEA, 2020). 
 
Coal was reported to have been hit the hardest by ~8% in comparison to the first quarter 
of 2019 due to the impact of COVID-19 in China whose economy is driven by coal, reduced gas 
costs, continued growth in renewables, and mild weather conditions. Oil demand was also strongly 
affected, plummeting by ~5% in the first quarter driven mainly by restrictions in mobility and 
aviation activities which constitute ~60% of global oil demand (IEA, 2020). For instance, global 
road transport and aviation activities were respectively ~50% and 60% below the 2019 average. 
Global electricity demand declined by >20% during full lockdown restrictions, with a 
corresponding spill over effect on the energy mix. Accordingly,  the share of renewable energy 
sources across the energy supply increased due to priority dispatch boosted by larger installed 
capacity and the fact that their outputs are largely unconstrained by demand (IEA, 2020). However, 
there was a  decline for all other sources of electricity including gas, coal and nuclear power (IEA, 
2020). 
 
Figure 9: Annual rate of change in primary energy demand, since 1900, with key events impacting energy 
demand highlighted (IEA, 2020). 
 
4.3.5 Record low CO2 emissions 
Unprecedented reduction in global CO2 emissions is another positive effect that can be 
attributed to the COVID-19 pandemic. The massive fall in energy demand induced by COVID-
19 accounted for the dramatic decline in global GHG emissions. The annual CO2 emissions have 
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not only been projected to fall at a rate never seen before, but the fall is also envisioned to be the 
biggest in a single year outstripping the fall experienced from the largest recessions of the past five 
decades combined (IEA, 2020). The global CO2 emissions are projected to decline by ~8% (2.6 
GCO2) to the levels of the last decade. If achieved, this 8% emissions reduction will result in the 
most substantial reduction ever recorded as it is expected to be six times larger than the milestone 
recorded during the 2009 financial crisis, (Figure 10). Characteristically, after an economic 
meltdown, the surge in emissions may eclipse the decline, unless intervention options to set the 
economy into recovery mode is based on cleaner and more resilient energy infrastructure (IEA, 
2020). 
Figure 10: Global energy-related emissions (top) and annual change (bottom) in GtCO2, with projected 
2020 levels highlighted in red. Other major events are indicated to provide a sense of scale (IEA, 2020). 
 
4.3.6 Boost in digitalisation 
The COVID-19 pandemic has been described as an opportunity to further entrench digital 
WUDQVIRUPDWLRQZLWKRXWWKH¶GLJLWDOLVP·ZKLFKLVDQH[WUHPHDQGDGYHUVHIRUPRIFRQQHFWHGQHVV
(Bayram et al., 2020). Protecting patients from unnecessary exposure was a driver for telemedicine 
(Moazzami et al., 2020) and virtual care would become the new reality (Wosik et al., 2020). The 
necessity for social distancing under lockdown circumstances has also highlighted the importance 
(and need) for remote working (Dingel and Neiman, 2020; Omary et al., 2020), which has had 
implications for broadband connectivity (Allan et al., 2020) as well as reductions in transportation-
related pollution levels (Spash, 2020). The impact of COVID-19 on remote working and 
digitalisation of work is expected to constitute long-term implications for reduced fossil fuel 
consumption due to mobility and commuting (Kanda and Kivimaa, 2020). Besides, the survival 
and thriving of many small business restaurants during the lockdown period depended on whether 
they had a digital resilience, via online platforms, through which they could exploit the home 
delivery market via Uber Eats (Raj et al., 2020). For consumers, the pandemic has seen a noticeable 
increase in online orders for food in many countries such as: Taiwan (Chang and Meyerhoefer, 
2020); Malaysia (Hasanat et al., 2020); Germany (Dannenberg et al., 2020) as well as Canada 
(Hobbs, 2020). 
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4.4 Unsustainability of current economic and business models amidst COVID-19 
It is interesting to observe that while COVID-19 has led to a very steep reduction in air 
pollution in advanced economies due to reduced economic activity imposed by the lockdown, this 
pandemic-driven positive impact is only temporary as they do not reflect changes in economic 
structures of the global economy (Le Quéré et al., 2020).  The changes are not due to the right 
decisions from governments in terms of climate breakdown policies and therefore should not be 
misconstrued as a climate triumph. More importantly, life in lockdown will not linger on forever 
as economies will need to rebuild and we can expect a surge in emissions again. To drive home 
the point, we conducted a decomposition analysis of key drivers (accelerators or retardants) of 
four global air pollutants using Logarithmic Mean Divisia Index (LMDI) framework (Ang, 2005; 
Fujii et al., 2013), with the results shown in Figure 11. The drivers of the pollutants considered 
based on the production side of an economy include: (i) economic activity effect, given that emissions 
can increase or decrease as a result of changes in the activity level of the entire economy; (ii) 
industrial economy structure effect, based on the fact that the growth in emissions is a function of the 
changes in the industrial activity composition; (iii) emissions intensity effect, which can be 
improvements or deteriorations at the sectoral level, depending on the energy efficiency (e.g. 
cleaner production processes) of the sector; (iv) fuel mix or fuel dependency effect, given that its 
composition influences the amount of emissions; and (v) emission factors effect, because these 
factors, for different fuel types, changes over time due to switching from fossil fuels to renewables, 
for example. 
 
As shown in Figure 11a, for example, between 1995 and 2009, global change in CO2 
emission was 32%, where economic activity (+48%) and emission factor (+2%) acted as 
accelerators, while economic structure (-8%), emission intensity (-9%) and fuel mix (-1%) acted as 
retardants, of the global CO2 emission dynamics and trajectory. This implies that although 
economic activities, as expected, alongside emission factor drove up emissions, however, the 
upward effect of both drivers was offset by the combined improvements of other driving factors 
namely economic structure, emission intensity, and fuel mix. Indeed, cutting back on flying or 
driving less as we have experienced due to COVID-19 contributed to ~8% in emission reduction, 
however, zero-emissions cannot be attained based on these acts alone. Simply put, emissions 
reduction cannot be sustained until an optimal balance across the aforementioned drivers informed 
by structural changes in the economy is attained. As Gates (2020a) rightly stated ² the world should 
be using more energy, not less, provided it is clean. 
 
Characteristically, after an economic meltdown, like the global recession in 2008, there is 
a surge in emissions (Feng et al., 2015; Koh et al., 2016). The current social trauma of lockdown 
and associated behavioural changes tends to modify the future trajectory unpredictably. However, 
social responses would not drive the profound and sustained reduction required to attain a low-
carbon economy (Le Quéré et al., 2020).  This is evident given that we live on a planet interlinked 
by networked product supply chains, multidimensional production technologies, and non-linear 
consumption patterns (Acquaye et al., 2017; Ibn-Mohammed et al., 2018; Koh et al., 2016). 
Additionally, post COVID-19, the society may suffer from green bounce back ² there appears to 
be an increasing awareness of climate change and air pollution because of this pandemic (though 
the linkages are non-causal). On the one hand this might promote greener choices on behalf of 
consumers, but on the other it may result in increased car ownership (at the expense of mass 
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transit), driving up emissions. As such, establishing approaches that ensure an optimal balance 
between quality of life and the environmental burden the planet can bear is pertinent, if the 
boundaries of environmental sustainability informed by the principles of low-carbon CE are to be 
extended. In the next section, the role of the CE as a potential strategy for combating pandemics 
such as COVID-19 is discussed.  
 
a. Drivers of CO2 emissions                                                  b. Drivers of NOx emissions 
  c. Drivers of SOx emissions                                          d.   Drivers of CO emissions 
Figure 11: Drivers of representative four (4) global pollutants: a) CO2 emissions; b) NOx emissions; c) SOx 
emissions; d) CO emissions. All data for the decomposition analysis of the four pollutants were obtained 
from the WIOD database (Timmer et al., 2012). 
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5. The role of circular economy 
For long, the central idea of the industrial economy rests on the traditional linear economic 
system of taking resources, making products from them, and disposing of the product at the end 
RI OLIH ([SHUWV UHIHUUHG WR WKLV DV ´H[WUDFW-produce-use-GXPSµ ´WDNH-make-ZDVWHµ RU ´WDNH-
make-GLVSRVHµHQHUJ\IORZPRGHORILQGXVWULDOSUDFWLFH(Geissdoerfer et al., 2017; Kirchherr et al., 
2017; MacArthur, 2013). However, the unlimited use of natural resources with no concern for 
VXVWDLQDELOLW\ MHRSDUGL]HV WKH HODVWLF OLPLWRI WKHSODQHW·V UHVRXUFH VXSSO\ For instance, Girling 
(2011) submitted that ~90% of the raw materials used in manufacturing become waste before the 
final product leaves the production plant while ~80% of products manufactured are disposed of 
within the first 6 months of their life. Similarly, Hoornweg and Bhada-Tata (2012) reported that 
~1.3 billion tonnes of solid waste with a corresponding cost implication of $205.4 billion/year is 
generated by cities across the globe and that such waste might grow to ~2.2 billion tonnes by 2025, 
with a corresponding rate of $375.5 billion. This is further compounded by the fact that at the 
global level, the demand for resources is forecasted to double by 2050 (Ekins et al., 2016). 
 
Against this backdrop, the search for an industrial economic model that satisfies the 
multiple roles of decoupling of economic growth from resource consumption, waste management 
and wealth creation, has heightened interests in concepts about circular economy (Ekins et al., 
2016; MacArthur, 2013). In theory, CE framework hinges on three principles: designing out waste, 
keeping products and materials in use and regenerating the natural systems (MacArthur, 2013). 
Practically, CE is aimed at: (i) emphasizing environmentally-conscious manufacturing and product 
recovery (Gungor and Gupta, 1999); (ii) promoting the avoidance of unintended ecological 
degradation in symbiotic cooperation between corporations, consumers and government 
(Bauwens et al., 2020); and (iii) shifting the focus to a holistic product value chain and cradle-to-
cradle life cycle via promotion of product repair/re-use and waste management (Duflou et al., 
2012; Lieder and Rashid, 2016; Rashid et al., 2013).  
 
Given the current COVID-19 pandemic, there has never been a more adequate time to 
consider how the principles of CE could be translated into reality when the global economy begins 
to recover. This is pertinent because the pandemic has further exposed the limitations of the 
current dominant linear economy regarding how it is failing the planet and its inhabitants, and has 
UHYHDOHGWKHJOREDOHFRV\VWHP·V exposure to many risks including climate breakdown, supply chain 
vulnerabilities and fragility, social inequality and inherent brittleness (Bachman, 2020; Sarkis et al., 
2020). The pandemic continues to amplify the global interlinkages of humankind and the 
interdependencies that link our natural environment, economic, and social systems (Haigh and 
Bäunker, 2020). In the subsections that follow, the potentials of CE as a tool for: climate change 
mitigation, crafting a more resilient economy, and facilitating a socially just and inclusive society is 
briefly discussed.  
 
5.1 Circular economy as a tool for climate breakdown mitigation  
As highlighted in section 4.3.5, a CO2 emission reduction of 8%, which in real terms 
implies an equivalent of ~172 billion tCO2 will be released instead of ~187 billion tCO2, is indeed 
unprecedented. Nevertheless, the peculiar conclusion from the lockdown is that it still entails 
emissions of 92% of the initial value while there was restrictions to mobility and other related 
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leisure activities. Measures for mitigating climate change have often been presented dramatically 
as a "prohibition of the nice things of life", but as shown, a cut-off of such an amount of nice 
things only delivers an 8% reduction. More importantly, it comes at a heavy cost of between 
$3,200/tCO2 and $5,400/tCO2 in the US, for example, based on data from the Rhodium Group 
(Gates, 2020a). In other words, the shutdown is reducing emissions at a cost between 32 and 54 
times the $100/tCO2 deemed a reasonable carbon price by economists (Gates, 2020a). This 
suggests that a completely different approach to tackling climate issue is required. 
 
Accordingly, there is the need for a system that calls for greater adoption of a more resilient 
low-carbon CE model, given the predictions by experts that climate breakdown and not COVID-
19 will constitute the biggest threat to global health (Hussey and Arku, 2020; Watts et al., 2018a; 
Watts et al., 2018b). International bodies and country-level environmental policies have highlighted 
the fact that a significant reduction in GHG emissions cannot be achieved by transitioning to 
renewables alone but with augmentation with CE strategies. The demands side CE strategies such 
as  (i) material recirculation (more high-value recycling, less primary material production, lower 
emissions per tonne of material);  (ii) product material efficiency (improved production process, reuse 
of components and designing products with fewer materials); (iii) circular business models (higher 
utilisation and longer lifetime of products through design for durability and disassembly, utilisation 
of long-lasting materials, improved maintenance and remanufacturing), could reduce emissions 
whilst contributing to climate change mitigation (Enkvist et al., 2018). CE principles, when 
adopted in a holistic manner provide credible solutions to the majority of the structural weaknesses 
exposed by COVID-19, offering considerable opportunities in competitiveness and long-term 
reduced GHG emissions across value chains. Investments in climate-resilient infrastructure and 
the move towards circular and low-carbon economy future can play the dual role of job creation 
while enhancing environmental and economic benefits.  
 
5.2 Circular economy as a vehicle for crafting more resilient economies  
 Haigh and Bäunker (2020) reported that if we muddle through every new crisis based on 
the current economic model, using short-term solutions to mitigate the impact, future shocks will 
continue to surpass capacities. It is, therefore, necessary to devise long-term risk-mitigation and 
sustainable fiscal thinking with the view to shift away from the current focus on profits and 
disproportionate economic growth. Resilience in the context of the CE largely pertains to having 
optimized cycles (i.e. products are designed for longevity and optimized for a cycle of disassembly 
and reuse that renders them easier to handle and transform). Some cycles can be better by being 
closed locally (e.g. many food items), and for other cycles, a global value chain could be a better 
option (e.g. rare earth elements). Due to globalization, all cycles have become organized at the 
global level, diminishing resilience. COVID-19 has further shown how some particular cycles had 
the wrong scale level, as such, the adoption of CE can be seen as an invitation to reconsider the 
optimal size of cycles.  
 
Sustainability through resilience thinking would have a positive and lasting impact as 
reported by the Stockholm Resilience Centre (2016), which concluded that prosperity and 
sustainability cannot be accomplished without buiOGLQJ´resilient systems that promote radical innovation 
in economic policy, corporate strategy, and in social V\VWHPVDQGSXEOLFJRYHUQDQFHµIt calls for sustainability 
through resilience thinking to become an overarching policy driver and encourages the application 
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of the principles of resilience thinking to enhance social innovation. Haigh and Bäunker (2020) 
concluded that when resilience thinking is employed as a guide, all innovations emanating from 
circular thinking would extend beyond focusing mainly on boosting the market and 
competitiveness and recognise the general well-being of the populace as an equal goal. As the 
global economy recovers from COVID-19, it has become more apparent that there is a strong 
sense of interconnectedness between environmental, economic and social sustainability (Bauwens 
et al., 2020). 
 
5.3 Circular economy as a facilitator of a socially just and inclusive society  
Advanced economies have mainly focused on maintaining the purchasing power of 
households through the establishment of the furlough scheme (in the UK, for example). Most 
developing countries have also adopted a similar approach through the integration of containment 
measures with a huge increase in social protection spending. However, these intervention strategies 
in response to the pandemic have further revealed the social injustice and inequality between 
countries and communities given that the deployment of such strategy in advanced economies 
could devastate developing countries and communities (Ahmed et al., 2020; Haigh and Bäunker, 
2020). Guan and Hallegatte (2020) revealed that developing and underdeveloped economies face 
tougher and more challenging situation in comparison to their developed counterparts, because 
even under the assumption that social protection systems could fully replace income and shield 
businesses from bankruptcy, maintaining access to essential commodities is impossible if the 
country is lacking in production capabilities in the first place. Furthermore, in the underdeveloped 
world, the idea of working from home is very difficult due to the lack of infrastructure and access 
to health facilities is severely cumbersome. As such, short-term fixes adopted by governments 
cannot adequately address deep-rooted inequality and social injustice.  
 
Accordingly, Preston et al. (2019) submitted that CE has the potential to minimise 
prevailing pressures and struggles regarding conflicts due to imbalanced distribution of resources, 
through participatory forms of governance that entails the inclusion of local stakeholders in 
resource management initiatives. This can be achieved through the adoption of CE strategy such 
as closed-loop value chains where wastes are transformed into resources with the view to not only 
reduce pollution but to simultaneously aid the pursuance of social inclusion objectives. A number 
of companies are already embracing this idea. For instance, under the Food Forward SA initiative, 
´the world of excess is connected with the world of needµWKURXJKWKHUHFRYHU\RIHGLEOHVXUSOXVIRRGIURP
the consumer goods supply chain and gets redistributed to the local community. This ensures 
loops are closed and the needy receive nourishment (Haigh and Bäunker, 2020). With sufficient 
investment in the CE, developing countries can leapfrog their developed counterparts in digital 
and materials innovation to integrate sustainable production and consumption and low-carbon 
developments at the core of their economies. Additionally, Stahel (2016) reported that another 
benefit of the CE  as a facilitator of a socially just and inclusive society is that it is likely to be more 
labour-intensive due to the variety of end-of-life products and the high cost of automating their 
processing compared to manual work. As such, CE can enable the creation of local jobs and 
´UHLQGXVWULDOLVDWLRQRIUHJLRQVµ (Stahel, 2019) through the substitution of: manpower for energy, 
materials for (local) labour, and local workshops for centralised factories (Stahel, 2019), while 
boosting the repair economy and local micro industries. Of course, not everybody will see this as 
a benefit, and many would like to see more automation, not less. However, this is a 
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political/economic argument, not an engineering or scientific one. In the next section, barriers to 
CE in general and in the context of COVID-19 is discussed. 
 
5.4 Barriers to CE in the context of COVID-19 
On the surface, the benefits of CE should be obvious as it strives for three wins in the 
three dimensions of social, economic and environment impacts through a symbiotic vision of 
reduced material usage, reduced waste generation, extending value retention in products and 
designing products for durability. However, limiting barriers obviating the success of CE have 
existed around technical implementation, behavioural change, financial and intellectual 
investments, policy and regulations, market dynamics, socio-cultural considerations as well as 
operational cost of transforming from the linear economy to one based on circularity (Friant et al., 
2020). In more concrete terms, the barriers dwell within the ecosystem of actors (and the 
interactions within the actors) involved in the move towards CE (Lieder and Rashid, 2016).  
 
Pre-COVID-19, Korhonen et al. (2018) enumerated six fundamental factors hindering the 
promise of CE: (i) thermodynamic factors (limit imposed by material and energy combustion in 
recycling/re-manufacturing); (ii) complexity of spatial and temporal boundaries (material and 
energy footprints for a product cannot be easily reduced to a point in space and time for an in-
depth DQDO\VLVRIHQYLURQPHQWDOLPSDFWVLLLLQWHUOLQNRIJRYHUQDQFHDQGQDWLRQ·VHFRQRP\LY
consumer and organizational inertia (reluctance to embrace new way of doing things due to 
uncertainty about the success of business models as well as fuzziness around organizational culture 
and management models that rely on CE); (v) fragile industrial ecosystems (featuring the difficulty 
of establishing and managing intra-/inter-organizational collaboration along with local/regional 
authorities); and (vi) lack of consensus on what the many Rs (re-use, recycle, recover, repurpose, 
repair, refurbish, remanufacture) embedded in CE framework really means (Kirchherr et al., 2017). 
Challenges in data sharing between product end points and stakeholders, complexity in the supply 
chain with unclear details of product biography over time, and prohibitive start-up investment 
costs have also been identified as CE barrier in other climes (Jaeger and Upadhyay, 2020; Manninen 
et al., 2018). Other issues along similar lines were captured in the work by several other authors 
including Galvão et al. (2020), Kirchherr et al. (2018), Govindan and Hasanagic (2018), De Jesus 
and Mendonça (2018) and many more.   
 
The paradox of COVID-19 is grounded on creating a once in a lifetime opportunity to re-
examine the difficulty of some of these barriers, but it also unveiled a new set of challenges. For 
instance, the sharing economy models that have been hitherto hailed as exemplars of CE strategy 
is now perceived differently by many urban dwellers because of the behavioural change embedded 
LQ´VRFLDOGLVWDQFLQJµZKLFKLVQHFHVVDU\WROLPLWWKHVSUHDGRIWKHYLUXV$OWKRXJKLIFRQFHSWV
VXFKDV´DFFHVVRYHURZQHUVKLSµRU´SD\IRUSHUIRUPDQFHµVHUYLFHKDYHEHFRPHIXOO\RSHUDWLRQDO
they could have constituted a significant solution to offer flexibility. Additionally, it has been 
argued that COVID-ZLOO¶GLVUXSWVRPHGLVUXSWRUV·SHHU-to-peer (P2P) providers such as Airbnb,  
which has reported a 4.16% drop in local bookings for every doubling new COVID-19 cases (Hu 
and Lee, 2020). In transportation, demand from ride-sharing modes could increase due to 
commuters wanting to minimise exposure to COVID-19 in mass transport systems like buses and 
trains (Chandra, 2020). However, the risks of human-to-human transmission of COVID-19 for 
passengers not wearing facemask have been noted (Liu and Zhang, 2020), including when either 
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passengers or drivers in ride-hailing and car-sharing disruptors like Uber do not wear facemasks 
(Wong et al., 2020).  
 
Reducing emissions, in the long run, requires large investments, from both the public and 
private sectors, in low-carbon technologies and infrastructure in terms of both innovation and 
diffusion (OECD, 2018). Given the downturn of the global economy due to COVID-19, the 
prospects of significant low-carbon investments from the private sector have significantly reduced 
compared to pre-COVID-19. This view is not just limited to the private sector, but also to the 
public sector, as echoed by Naidoo and Fisher (2020). Hence, post COVID-19, accelerating 
progress towards CE still requires: (i) decisive legal and financial championships from local, 
regional and national authorities; (ii) innovation across multiple domains (product design, 
production technologies, business models, financing and consumer behaviours); (iii) governments 
to promote green logistics and waste management regulations with reasonable incentives to aid 
producers and manufacturers in minimizing loss while maximizing value. It is therefore 
recommended that governments provide the much-needed policy framework that will eliminate 
some of aforementioned barriers to facilitate the urgent transition to CE. Doing this will build 
resilience for community response to future pandemic and it also aligns with some of the existing 
roadmaps for resource efficiency (European Commission, 2011). 
6. Opportunities for circular economy post COVID-19 
COVID-19 has instigated a focus on vibrant local manufacturing as an enabler of resilient 
economy and job creation; fostered behavioural change in consumers; triggered the need for 
diversification and circularity of supply chains, and evinced the power of public policy for tackling 
urgent socio-economic crises. As we rise to the challenges imposed by COVID-19, the question 
is no longer should we build back better, but how. Consequently, going forward, crafting a 
roadmap for a sustainable future is as much about the governmental will to forge a new path to 
socio-economic growth as it is about local businesses joining forces with the consumers to enable 
the transition to CE. As already documented in the earlier sections of this paper, governments 
around the world have deployed many financial policy instruments to combat the short-term 
consequences of COVID-19 pandemic. Still, in the long-term, the adoption of circular economic 
principles across various technological frontiers holds the promise to bring about a desired 
technical and behavioural change that will benefit many nations around the world.  
 
Specifically, adopting the CE principle will alleviate some of the detrimental effects of 
COVID-19 pandemic in the future. To mention just a few: (i) a national-level adoption of CE will 
reduce the over-reliance on one country as the manufacturing hub of the world; (ii) a systematic 
shift away from the traditional polluting, energy-intensive, manufacturing-driven economy to a 
CE, based on renewable energy, smart materials, smart re-manufacturing, and digital technology 
will strengthen the fight against pollution; and (iii) the transition to CE will also spur local job 
creation along several of the axes of societal needs (e.g. built environment, mobility, health, 
consumables, etc.). Accordingly, in the subsections that follow, an overview of recommendations 
as well as policy measures, incentives, and regulatory support for advancing sector-specific CE 
strategies in a post-COVID-19 world is presented. 
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6.1 Local manufacturing and re-manufacturing of essential medical accessories 
Disruptions due to COVID-19 has been attributed to unprecedented demand, panic 
buying, and intentional hoarding of essential medical goods for profit (Bradsher and Alderman, 
2020; Fischer et al., 2020). The shortage of many items was so dire in many countries that the 
principle of CE, such as re-use, is already been unwittingly recommended (Gondi et al., 2020), by 
respectable bodies such as the US Centres for Disease Control and Prevention (CDC) (Ranney et 
al., 2020). However, designed and produced from non-CE compliant processes, medical 
accessories such as PPE cannot be easily refurbished for re-use without leading to severe 
degradation in their efficiencies, as noticed for example, in the case of particulate respirators (Liao 
et al., 2020). Accordingly, it is recommended that companies strive to establish competencies in 
eco-design and environmentally beneficial innovation to facilitate product re-use in the long run. 
Some of the desired competencies centre on design strategies for closing resource loops (e.g. 
designing for technological and biological cycles) as pioneered by McDonough and Braungart 
(2010).  
 
A detailed discussion of these competencies is also enunciated by Braungart et al. (2007), 
where the authors differentiated between eco-efficiency (less desirable) and eco-effectiveness (the 
desired dream of CE) for companies to be compliant with the CE framework. Meanwhile, a 
starting point for companies to shift to eco-effectiveness at the product design level, which will 
facilitate product re-use, is to follow the five-step framework enumerated by Braungart et al. (2007) 
or to adopt the analytical framework to explore some of the key dimensions in eco-design 
innovations developed by Carrillo-Hermosilla et al. (2010). During implementation, the preceding 
steps comport with the idea of eco-factories that take pride in design for effortless end-of-life 
product re-XVHDQGGHVLJQIRU´XSF\FOLQJµDQGUHPDQXIDFWXULQJ(Bocken et al., 2016; Herrmann et 
al., 2014; Ijomah, 2010), all of which falls under the umbrella of CE.  
 
Another emerging evidence in favour of CE, also adopted inadvertently during this 
pandemic, is the ease with which several manufacturers have pivoted their factory floors to make 
different products in response to the shortage of medical accessories. Few examples of these 
companies in the UK include, but not limited to: AE Aerospace, which retooled its factory floor 
to produce milled parts for ventilators; Alloy Wire International re-purposed its machinery to make 
springs for ventilators; AMTICO (flooring manufacture) re-configured to make visors for front 
line workers; BAE Systems deployed its factory resources to produce and distribute over 40000 
face shields; and BARBOUR (a clothing company) re-purposed to produce PPE for nurses 
(Williamson, 2020).  
 
6.2 CE strategies for managing hospital medical and general waste 
Wastes generated by the healthcare industry (HCI) normally arouse concerns about 
operational, public, and environmental safety as a result of the awareness of the corrosive, 
hazardous, infectious, reactive, possibly radioactive, and toxic nature of the wasWHV·FRPSRVLWLRQ
(Lee et al., 1991; Prüss-Üstün et al., 1999). Consequently, the management of the different 
categories of healthcare waste far removed from the traditional municipal wastes, falls under 
stringent national or local regulatory frameworks. Pre-COVID-19, the staggering scale of HCI 
waste is reported to reach into millions of tonnes per year and there have been many studies of 
national-level attempts at managing these wastes (Da Silva et al., 2005; Insa et al., 2010; Lee et al., 
27 
 
1991; Oweis et al., 2005; Tudor et al., 2005). However, this problem is expected to worsen with 
the tremendous surge, in the last few months, in the volume of disposable medical hardware (PPE, 
masks, gloves, disposable gears worn by healthcare workers and sanitation workers as well as those 
contaminated by contacts with COVID-19 patients). Another allied problem is the troubling shift 
among consumers who now prioritize concerns for hygiene by leaning towards plastic packaging 
(e.g. in food delivery and grocery shopping) during this pandemic at the expense of environmental 
impacts (Prata et al., 2020). Most of these products are derived from non-biodegradable plastics, 
and their disposal has not been given much thought. As a result, the management of these wastes 
has raised understandable angst in several quarters .OHPHäHWDO;LDRDQG7RURN. 
Frustratingly, there is much less that can be done at the moment apart from devising judicious 
waste management policy for these potentially hazardous wastes. 
 
The traditional steps concerning the treatment of HCI wastes (such as collection and 
separation, storage, transportation to landfill, and decontamination/disposal) suffer from many 
complications that make the management a challenging undertaking (Windfeld and Brooks, 2015). 
To alleviate the complexity, the characterization of the physicochemical composition of HCI waste 
has become an important tool in devising crucial steps for setting up waste minimization and 
recycling programs (Kaiser et al., 2001). This aligns with the objective of circular economy (CE), 
which prioritizes the prevention of waste, failing which it proposes the re-use/recyclability of 
materials from waste to close the loop.  
 
Wong et al. (1994) reported that hospital wastes involve different types of materials: 
plastics (tubes, gloves, syringes, blood bags), metals (basins, aluminium cans), papers (towel papers, 
toilet papers, newspapers), cotton/textiles (drapes, table covers, diapers, pads, bandages), glass 
(bottles) etc. With this categorization in mind, a CE product design consideration that looks 
promising in the near future, as a way to avert some of the dangers that can be triggered by events 
such as COVID-19 is to increase the volume of recyclable materials and biodegradable bioplastics 
in the production of medical accessories. However, the reality is that not all medical gears and 
products can be derived from bio-plastics or recyclable materials, and some will inevitably continue 
to be fabricated with materials that need further downstream processing. Yet, the application of 
CE to the healthcare industry (HCI) remains a touchy subject. Understandably, health and safety 
concerns, as well as requirements to meet stringent regulations, tend to override the environmental 
gain from the 4R practice promoted by CE (Kane et al., 2018). On the other hand, the benefits of 
CE are starting to catch on in the HCI as a means of optimizing hospital supply chains and reduce 
overhead cost, all the while creating environmental benefits in the course of saving human lives.  
 
Principally, the applications of CE in HCI, like in other fields, are tied to materials flow 
and an examination of the nature of wastes. Pioneering studies on hospital wastes characterizations 
(Diaz et al., 2008; Eleyan et al., 2013; Özkan, 2013; Wong et al., 1994), revealed that close to 80% 
of the wastes can be classified as general wastes, while the remaining 20% falls under the infectious 
waste category (WHO, 1998). A prevalent method of dealing with the two HCI waste categories 
has been incineration (Wong et al., 1994). Although suitable for large volumes, incineration 
produces toxic pollutants such as heavy metals, dioxins, acid gases, and hydrogen chloride (Yang 
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et al., 2009). Consequently, pre-COVID-19, besides incineration, reducing or preventing the 
volume of wastes in both categories is also shaped by the adoption of green purchasing practices 
(Wormer et al., 2013). While this may help in the short term, a holistic approach to confronting 
this problem is the adoption of CE, which can facilitate the shift towards eco-efficient HCI, 
starting with lifecycle evaluations of medical products to the proposal for re-usable medical 
instruments (Cimprich et al., 2019; De Soete et al., 2017; Penn et al., 2012). Numerous CE 
strategies for healthcare waste management are detailed by Kane et al. (2018) and Voudrias (2018).  
Undoubtedly, with COVID-19, there is an uptick in the percentage of waste under the infectious 
category due to hospitals taking various precautions to facilitate control of the pandemic (Peng et 
al., 2020). Nevertheless, by subjecting the general waste category to proper sterilization procedure 
via any of thermal, microwave, bio-chemical sterilization, the huge potential from upcycling of the 
retrieved materials will edge towards fulfilling the promise of CE within the sector (Yang et al., 
2009).  
 
6.3 Embracing resource efficiency in the construction and built environment 
 As with other economic sectors, COVID-19 has exposed the shortcomings of the built 
DQGQDWXUDOHQYLURQPHQW·VEXVLQHVV-as-usual practices, highlighting the prevalence of poor-quality 
buildings, issues regarding affordability of decent housing and rigidity of the current building stock 
(EMF, 2020b). Living in poor-quality houses and in small constricted energy inefficient homes, led 
to the in-house transmission of the virus (Clair, 2020). This is particularly the case in poorer 
countries where inadequate access to sanitation amenities have prevented people from adopting 
best practices necessary for halting the transmission (Andrew et al., 2020). These issues alongside 
the growing concern and awareness regarding the resource-wasting nature of the sector, present a 
strong case for rethinking it. The CE is well positioned to offer potential solutions to these 
problems.   
 
CE can help balance behavioural challenges and opportunities from occupancy 
requirements. Humans spend up to 90% of their time indoors (Marques et al., 2018; Pitarma et al., 
2017). TKHSDQGHPLFKDV OHGWRSHRSOHVSHQGLQJPRUHWLPHDW ¶KRPH·WKDQDWZRUN OHDGLQJWR
massively underutilised office and business spaces, which is likely to increase due to on-going social 
distancing constraints (Feber et al., 2020) or perhaps due to more organisation discovering the cost 
benefits of remote working. It is also plausible that upgrading of existing (or design of new) office 
and commercial spaces would require making them flexible and adaptable to cope with changing 
needs (e.g. occupant density, social distancing, ventilation, etc.) by using movable walls (Carra and 
Magdani, 2017). Insufficient ventilation can increase the risk of infection to healthcare workers 
and susceptible patients in healthcare buildings, especially makeshift hospitals (Chen and Zhao, 
2020). The impact of these engineering measures on energy consumption of typical buildings and 
healthcare facilities needs to be considered because of social distancing measures, which may 
require a decrease in occupant density but an increase in ventilation rates. So, although energy 
recovery is high on the agenda for CE in the built environment (Eberhardt et al., 2019), the 
additional requirement of more mechanical ventilation for less people will stretch the energy 
consumed by buildings. Some researchers have argued for buildings to avoid recirculation 
(essential for energy savings) and use 100% fresh outdoor air for mechanical ventilation systems 
(Pinheiro and Luís, 2020). Such scenarios are likely to increase the adoption of renewable energy 
sources to support acceptable indoor air quality (IAQ). 
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The adoption of CE strategies such as material reuse and development of recycling 
infrastructure can facilitate value circulation and efficient use of resources within the built and 
natural environment, ensuring a more competitive and cost-effective post-COVID-19 recovery, 
while contributing to GHG emissions reduction and creating job opportunities (EMF, 2020b). For 
instance, a study by ARUP estimated that designing for steel reuse has the potential of generating 
savings of 6-27% and 9-43% for a warehouse and an office respectively, whilst constituting up to 
25% savings on material costs (SYSTEMIQ, 2017). The EU is leading in policy direction that 
would make it a legal requirement to introduce recycled content (i.e. material looping) in specific 
construction products, after the functionality and safety have been vetted (European Commission, 
2020). Such initiatives will encourage designers and researchers to incorporate material looping 
into their overall design strategy across the value chain to ensure they are fit for circulation 
(Deloitte, 2020). This material looping has been shown to reduce disposal fees and generate new 
income streams from the secondary materials market (Rios et al., 2015). It is an approach that 
would help reduce construction waste, which accounts for a third of all solid wastes in countries 
like India (EMF, 2016). The adoption of digital material passports that supports end-to-end 
tracking of building materials has been reported by SYSTEMIQ (2017) to aid the identification of 
materials for reuse as they approach their end of first life, thereby allowing the longevity and 
encouraging tighter material looping. 
 
COVID-19 in the context of CE will encourage prefabrication, design thinking and 
renovation. As the building industry moves towards the industrialisation of construction via 
prefabrication/offsite production, seven strategies have been suggested by Minunno et al. (2018) 
out of which the principle of designing for eventual disassembly and reuse is critical. With a 
combined smart and industrialised prefabrication (SAIP) process (Abbas Elmualim et al., 2018),  
the intelligent performance and circularity of buildings can be boosted by advanced smart 
technologies (Windapo and Moghayedi, 2020). The building of 1,000 bed Huoshenshan 
Hospital in Wuhan covering 34,000m2 in ten days using modular pre-fabricated components, 
which can be disassembled and reused (Zhou et al., 2020) has demonstrated the capability of the 
construction industry to deliver adaptable buildings in record time. But it is perhaps in the sphere 
of refurbishment and renovation that CE in the built environment would mostly be felt. A CE 
strategy that promotes repair and refurbishment is preferable to one which encourages recycling 
since the economic and environmental value of a product is retained better by the former 
(Sauerwein et al., 2019).  
 
Renovation helps achieve carbon reduction targets while contributing to economic 
stimulation (Ibn-Mohammed et al., 2013) . Retrofitting, refurbishing or repairing existing buildings 
leads to lower emission facilities, is less resource-intensive and more cost-effective than demolition 
or new construction (Ardente et al., 2011; Ibn-Mohammed et al., 2014). Nevertheless, circular 
renovation of buildings must align with circular design thinking ² as alluded to above, in terms of 
re-integrating materials back into the value chain ² as well as the need to enhance material/product 
durability and energy efficiency (Pomponi and Moncaster, 2017). In Europe, renovation of 
EXLOGLQJVGHFUHDVHVWKHUHVLGHQWLDOVHFWRU·V*+*HPLVVLRQVE\ZLWKDUHGXFWLRQRIXSWR
in the non-residential sector (Artola et al., 2016). In meeting the emerging needs of the renovation 
sub-sector, digital infrastructure technologies (such as thermographic and infrared surveys, 
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photogrammetry and 3D laser scanning, as well as BIM and Digital Twinning) will play a crucial 
role in ensuring the low carbon and energy-efficient future of the built environment (ARUP, 2020). 
 
6.4 Bio-cycle economy and the food sector   
COVID-19 or not, the food sector is generally wasteful (Dilkes-Hoffman et al., 2018), 
contributes to environmental degradation (Beretta and Hellweg, 2019), disrupts nutrient flows due 
to the current linear nature of its value chain, thereby diminishing the nutritional quality of food 
(Castañé and Antón, 2017). To address these issues,  as part of a future resilience in the food 
sector, a number of CE levers applicable to the sector is highlighted: (i) closing nutrient loops 
through the adoption of regenerative agriculture (Rhodes, 2017). The organic content of soil 
reflects its healthiness and propensity to produce nutritious crops. The adoption of regenerative 
agriculture can facilitate the preservation of soil health through returning organic matter to the soil 
in the form of food waste or composted by-products or digestates from treatment plants 
(Sherwood and Uphoff, 2000); (ii) value recovery from organic nutrients through the adoption of 
anaerobic digestion facilities (De Gioannis et al., 2017; Huang et al., 2017), which is related to 
controlled biogas production for onward injection into natural gas network or conversion to 
electrical energy (Atelge et al., 2020; Monlau et al., 2015). This has the potential to transform 
ensuing methane from food waste into carbon-neutral energy; and (iii) the embrace of urban and 
peri-urban agriculture (Ayambire et al., 2019; Lwasa et al., 2014; Opitz et al., 2016; Thebo et al., 
2014) ZKLFK HQWDLOV WKH ´cultivation of crops and rearing of animals for food and other uses within and 
surrounding the boundaries of cities, including fisheries and forestryµ(EPRS, 2014). Indeed, by cultivating 
food in proximity to where it will be consumed, carbon footprint can be mitigated in numerous 
ways. For instance, through the adoption of urban agriculture, Lee et al. (2015) demonstrated 
GHG reduction  of 11,668 t yr-1 in the transportation sector. The popularity of local farms has 
severely increased as a direct consequence of COVID-19, whereby people could experience the 
power of local food cycles and could avoid perceived contamination risks in supermarkets. This 
will further bolster urban and peri-urban agriculture. 
  
All the above-mentioned CE strategies will contribute towards the establishment of a 
better and more resilient future food system. However, in the context of COVID-19, transitioning 
to regenerative agricultural production processes and expanding food collection, redistribution and 
volarisation facilities constitute an integral part of a more resilient and healthy food system that 
allows greater food security and less wastage post COVID-19 (EMF, 2020a). Investments towards 
accelerating regenerative agriculture offer economic benefits facilitated by reforms in food, land, 
and ocean use (World Economic Forum, 2020). It also offer environmental benefits by supporting 
biologically active ecosystems (EMF, 2020a) and through numerous farming mechanisms 
including no-till farming, adoption of cover crops; crop rotations and diversification (Ranganatha 
et al., 2020) as well as managed grazing for regenerative livestock rearing (Fast Company, 2019). 
Similarly, expanding food collection, redistribution and volarisation facilities offers both economic 
and environmental benefits for the food system (EMF, 2020a). However, realising these benefits 
will require investment in: (i) physical infrastructure like cold chains that support the storage, 
processing, and supply of edible food, especially in low-income countries, and (ii) processing 
infrastructure for the collection and volarisation of waste food  (EMF, 2020a). This will facilitate 
door-to-door waste food collection, offering avenues for municipal organic waste volarisation. 
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6.5 Opportunities for CE in the transport and mobility sector 
Facilitating the movement of people, products and materials, transportation infrastructures 
is imperative to the success of circularity in the shift towards sustainable cities given its impact on 
the quality of life, the local environment and resource consumption (Van Buren et al., 2016). As 
noted in an earlier section, the transport sector was one of the most heavily impacted sectors by 
COVID-19. Going forward, many CE strategies could be adopted as part of building a resilient 
transport sector. Development of compact city for effective mobility given their attributes in terms 
of being dense with mixed-use neighbourhoods and transit-oriented (EMF, 2019), creating an 
enabling environment for both shared mobility options (e.g. trams, buses, ride-shares) and active 
mobility options (e.g. bicycling, walking) (Chi et al., 2020; Shaheen and Cohen, 2020). This will 
help to re-organize urban fabric and promote intelligent use of transportation infrastructures 
(Marcucci et al., 2017)+RZHYHUWKHEHKDYLRXUDOFKDQJHHPEHGGHGLQ´VRFLDOGLVWDQFLQJµZKLFK
is necessary to limit the contagion may affect the perception of many urban dwellers about this. 
On the other hand, less compact cities require increased mobility infrastructure with a 
corresponding increase in operational vehicle use, leading to more traffic congestion, energy and 
resource depletion and pollution (UN Habitat, 2013).  
 
The use of urban freight strategies for effective reverse logistics and resource flows is also 
a viable CE strategy for the transport sector (EMF, 2019) as it enables the provision of services in 
a manner that also supports similar priorities for economic growth, air quality, environmental noise 
and waste management (Akgün et al., 2019; Kiba-Janiak, 2019). Beyond vehicles and infrastructure, 
the adoption of these strategies can enable the development of new technologies and practices 
such as virtualisation of products, digital manufacturing, waste collection, and sorting systems. 
Interestingly, innovative environmentally-friendly logistics solutions resting on the backbone of 
the CE framework are already materializing and being trialled in various capacities, including: 
urban consolidation centre (UCC) (Johansson and Björklund, 2017), crowshipping (Buldeo Rai et 
al., 2017a; Rai et al., 2018) and off-hour delivery (Gatta et al., 2019). UCC stresses the use of 
logistics facilities in city suburbs to ease good deliveries to customers (Browne et al., 2005), while 
crowshipping is a collaborative measure that employs the use of free mobility resources to perform 
deliveries (Buldeo Rai et al., 2017b).  
 
 
The availability of rich transport data (e.g. impacts of events on transport, commuter 
habits) and AI-enabled complex data processing technologies can be leveraged to inform the 
planning, management, and operations of transport networks over time. Real-time data can also 
be adopted for monitoring and for instant regulations of traffic flow based on route planning, 
dynamic pricing and parking space allocation. Noticeably, many of these innovative CE-related 
initiatives still need an efficient governance mechanism (Janné and Fredriksson, 2019). However, 
coupling them with the deployment of environmentally efficient vehicles and superior technical 
solutions hinging on the internet-of-things will bring many nations closer to reaping the benefits 
of CE. Given that urban planning is most often within the remit of governmental agencies, they 
must therefore develop integrated pathways and strategies for urban mobility to ensure effective 
logistics and resource flows. Stakeholder engagements within the transport sector can also facilitate 
innovative solutions that enable better use of assets and big data solutions. 
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6.6 Sustaining improvements in air quality 
 Improvements in air quality is one of the positives recorded due to the COVID-19-
imposed lockdown as transportation and industrial activities halted. To sustain such 
improvements, there is the need to facilitate a step change by ramping up the uptake of low 
emission vehicles through setting more ambitious targets for the embrace of electric vehicles, 
constructing more electric car charging points as well as encouraging low emissions fuels. This 
entails heightening investments in cleaner means of public transportation as well as foot and cycle 
paths for health improvements; redesigning of cities to ensure no proximity to highly polluting 
roads and the populace as well as preventing highly polluting vehicles from accessing populated 
areas using classifications such as clear air or low emission zones (PHE, 2020).  
 
Batteries constitute an integral part towards the decarbonisation of road transportation and 
support the move to a renewable energy system (World Economic Forum, 2019). As such, it is 
important to establish a battery value chain that is circular, responsible and just, to realise the 
aforementioned transitions. This entails the identification of the (World Economic Forum, 2019):  
(i) challenges inhibiting the scaling up of the battery value chain (e.g. battery production processes, 
risks of raw materials supplies); (ii) levers to mitigate the challenges such as a circular value chain (e.g. 
design for life extension, implementation of V1G and V2G and scaling up of electric shared and 
pooled mobility, coupling the transport and power sectors); sustainable business and technology (e.g. 
increasing the share of renewables and energy efficiency measures across the value chain, effective 
regulations and financial incentives to support value creation);  and a responsible and just value chain 
based on a balanced view and interplay between environmental, social and economic factors. 
Indeed, cost-effective and sustainable batteries, as well as an enabling ecosystem for the 
deployment of battery-enabled renewable energy technologies backed with a dense infrastructure 
network for charging, will facilitate the transition towards broader acceptance of electric vehicles 
and by extension guarantees a sustained improvement in air quality (Masiero et al., 2017; PHE, 
2020; World Economic Forum, 2019). We recognize that if all cars are simply replaced by electric 
ones, there will still be the same volume of traffic and an increased need for raw materials, posing 
significant social, environmental and integrity risks across its value chain.  However, CE through 
the aforementioned levers can address these challenges and support the achievement of a 
sustainable battery value chain. This will entail lowering emission during manufacturing, 
eradicating human rights violations, ensuring safe working conditions across the value chain and 
improving reuse, recycling and remanufacturing (World Economic Forum, 2019). 
 
6.7 Digitalisation for supply chain resilience post COVID-19 
Digitalisation of supply chains through leveraging disruptive digital technologies (DDTs) 
- technologies or tools underpinning smart manufacturing such as the internet of things (IoT), 
artificial intelligence, big data analytics, cloud computing and 3D printing - constitute an important 
step for companies to prepare for and mitigate against the disruptions and attain business resilience 
amidst global pandemics such as COVID-19. &LUFXODUVXSSO\FKDLQYDOXHGULYHUV·HQWDLOVHORQJDWLRQ
of useful lifespan and maximisation of asset utilisation. Intelligent assets value drivers entail 
gathering knowledge regarding the location, condition and availability of assets (Morlet et al., 
2016). Paring these drivers could provide a broad range of opportunities, which could change the 
nature of both products and business models, enabling innovation and value creation (Antikainen 
et al., 2018; Morlet et al., 2016). For instance, big data analytics, when adopted properly can aid 
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companies in streamlining their supplier selection processes; cloud-computing is currently being 
used to facilitate and manage supplier relationships; through automation and the IoT, logistics and 
shipping processes can be greatly enhanced (McKenzie, 2020). Digitalisation enables predictive 
maintenance, preventing failures while extending the lifespan of a product across the supply chains. 
It therefore, constitutes an ideal vehicle for circular supply chains transitioning, providing  
opportunities to close material loops and improve processes (Morlet et al., 2016; Pagoropoulos et 
al., 2017). 
Indeed, COVID-19 has prompted renewed urgency in the adoption of automation and 
robotics towards mitigating against the disruptive impact on supply chains through restrictions 
imposed on people·V movement. Numerous companies are taking advantage of this to automate 
their production lines. Prior to COVID-19, momentum towards adopting 5G mobile technology 
was mounting but delays including anticipated use evaluations, security, competition and radio 
communications regulatory issues limited progress (McKenzie, 2020). It is highly likely that the 
experience of COVID-19 may accelerate the provision of regulatory certainty for 5G, which will 
in turn fast track the deployment of IoT-enabled devices for remote monitoring, to support supply 
chain resilience post COVID-19.  
 
Despite the benefits of DDTs, tension exists between their potential benefits (i.e. ability 
to deliver measurable environmental benefits at an affordable cost), and the problems (i.e. heavy 
burden imposed during manufacturing and disposal phases of their lifecycle) they constitute, 
creating rebound effects. As such, the tension between the push for increasing digitalisation and 
the associated energy costs and environmental impacts should be investigated such that they do 
not exacerbate the existing problems of resource use and pollution caused by rapid obsolescence 
and disposal of products containing such technologies. This entails identifying, mapping and 
mitigating unintended consequences across their supply chains, whilst taking into account 
technological design embedded within green ethical design processes, to identify environmental 
sustainability hotspots, both in conception and application phases. 
 
6.8 Policy measures, incentives and regulatory support CE transitioning  
Becque et al. (2016) in their analysis of the political economy of the CE identified six main 
types of policy intervention to facilitate, advance and guide the move to a CE by addressing either 
barriers that aims to fix the market and regulatory failures or encourage market activity. Some of 
the policy intervention options identified include: (i) education, information and awareness that entails 
the integration of CE and lifecycle systems thinking into educational curricula supported by public 
communication and information campaigns; (ii) setting up platforms for collaboration including public-
private partnerships with ventures at the local, regional and national levels, encouraging 
information sharing as well as value chain and inter-sectoral initiatives, establishing research and 
development to facilitate breakthroughs in materials science and engineering, biomaterials systems 
etc.; (iii)  introduction of sustainability initiatives in public procurement and infrastructure; (iv) provision 
of business/financial/technical support schemes such as initial capital outlay, incentive programs, direct 
subsidies and financial guarantees as well as technical support, training, advice and demonstration 
of best practices; (v) regulatory frameworks such as regulation of products (including design), 
extension of warranties and product passports; strategies for waste management including 
standards and targets for collection and treatments, take-back systems and extended producer 
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responsibility; strategies at the sectoral levels and associated targets for resource productivity and 
CE; consumer, competition, industry and trade regulations; introduction of standard carbon 
accounting standards and methodologies; and (vi) fiscal frameworks such as reductions of VAT 
or excise tax for products and services designed with CE principles. 
 
7. Conclusion 
COVID-KDVKLJKOLJKWHGWKHSUDFWLFDODQGHQYLURQPHQWDOIROO\RI¶H[WUDFW-produce-use-
GXPS·HFRQRPLFPRGHORIPDWHULDODQGHQHUJ\IORZV6KRUW-term policies to cope with the urgency 
of the pandemic are unlikely to be sustainable models in the long run. Nonetheless, they shed light 
on critical issues that deserve emphases, such as the clear link between environmental pollution 
and transportation/industrialization. The role of unrestricted air travel in spreading pandemics 
particularly the viral influenza types (of which COVID-19 is one) is not in doubt, with sectors like 
tourism and aviation being walloped (some airlines may never recover or return to profitability in 
a long time) due to reduced passenger volumes. The fallout will re-shape the aviation sector, which 
like tourism has been among the hardest to be hit economically, albeit with desirable outcomes for 
the reduction in adverse environmental impacts. Peer-to-peer (P2P) or sharing economy models 
(e.g. Uber, Airbnb) which have birthed a new generation of service providers and employees are 
found to be non-resilient to global systemic shocks.  
 
The urgency of supply and demand led to a reduction in cargo shipping in favour of 
airfreights whose transatlantic cost/kg tripled overnight is matched by job losses, income 
inequalities, mass increase in global poverty levels and economic shocks across industries and 
supply chains. The practicability of remote working (once the domain of technology/service 
industries) has been tried and tested for specific industries/professions with its associated impacts 
on reduced commuting for workers. Remote healthcare/telemedicine/ and remote working, in 
general, is no longer viewed as unfeasible because it has been practiced with success over the best 
part of a four-month global lockdown period. There was a corresponding reduction in primary 
energy consumption due to the slowing and shutting down of production and economic activities, 
and the delivery of education remotely is also no longer questioned. The potential of automation, 
IoT, and robotics in improving manufacturing processes, as well as the use of cloud computing 
and big data analytics in streamlining supplier selection processes and management of supplier 
relationships and logistics are better appreciated. 
 
The inadequacies of modern healthcare delivery systems to cope with mass casualties and 
emergencies are universally acknowledged, primarily due to the incapacity of hospital JIT 
procurement process to provide essential medical and emergency supplies in vast quantities at 
short notice. This had deadly consequences with thousands of patients and healthcare workers 
paying the ultimate price for lack of planning and shortfalls in PPE inventory and critical care 
equipment. Protectionism and in-ward looking policies on exports and tariff reductions/waivers 
on the importation of raw materials and critical PPE have emphasized the importance of 
cooperation to cope with shortages, which evolved in tandem with profiteering, thereby 
emphasizing the role/need for cottage industries to help meet global production of essentials 
(facemasks, 3D printed parts/equipment, etc.). The increase in infectious hospital wastes due to 
the pandemic was necessitated by precautionary measures to control the transmission, but 
proper/advanced sterilization procedures via thermal, microwave, biochemical processes can help 
in upcycling discarded or retrieved materials and PPE. 
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Changes in consumer behaviour with social distancing have necessitated a huge increase 
in online purchasing, which has benefitted the big players but seriously harmed SMEs who were 
not exploiting web-based product and service delivery. A CE-based resilience of the consumer 
food sector was found to require: (i) closing nutrient loops with the use of regenerative agriculture; 
(ii) value recovery from organic nutrients via anaerobic digestion facilities; (iii) adoption of urban 
and peri-urban agriculture; and (iv) expanding food collection, redistribution and volarisation 
facilities. It is believed that CE will facilitate a socially just and inclusive society driven by the need 
for resilience and sustainability goals, which could see a rise in bio-economy and sharing economy 
(SE). The consequences of these would be felt in terms of global cooperation and mutual interests; 
long-term planning as well as the need to strike a more excellent balance between dependence 
outsourcing/importation and local manufacturing/productivity. A realignment of value chains is 
likely to occur because of countries with raw materials exploiting this pandemic for their 
sustainable growth and new world order not shaped by the technological superiority of super-
powers is likely to emerge. 
 
During the lockdown, office and commercial spaces were massively underutilized and the 
need to increase ventilation rates, e.g. in hospitals is leading to more energy consumption. 
However, there are opportunities to (re)design buildings to have movable walls for adaptable use. 
The use of modular techniques for fast construction of buildings that can be disassembled and re-
configured for new needs, as demonstrated in China, will increase. Renovation and refurbishment 
will witness a renewed vigour as existing buildings get a new lease of life with reduced carbon 
emissions and new jobs being created. Nonetheless, integrating circularity (product durability, 
energy efficiency, recyclability, etc.) via design thinking is essential from the onset. Digital 
technologies will play a crucial role in ensuring the low carbon and energy-efficient future of the 
built environment. 
 
Governments are recognizing the need for national-level CE policies in many aspects, such 
as: (a) reducing over-reliance on other manufacturing countries for essential goods as massive 
shortages forced the unwitting adoption of CE principles such as re-use; (b) intensive research 
into bio-based materials for the development of biodegradable products and the promotion of 
bio-economy; (c) legal framework for local, regional and national authorities to promote green 
logistics and waste management regulations which incentivize local production and manufacturing; 
and (d) development of compact cities for effective mobility (with social distancing considerations) 
as well as enabling environment for shared mobility options (e.g. ride-shares) and active mobility 
options (e.g. bicycling, walking). 
 
Going forward, resilience thinking should guide lessons learnt and innovations emanating 
from circular thinking should target the general well-being of the populace and not merely focus 
on boosting the competitiveness, profitability or growth of businesses and national economies. 
The post-COVID-19 investments needed to accelerate towards more resilient, low carbon and 
circular economies should also be integrated into the stimulus packages being promised by 
governments since the shortcomings in the dominant linear economic model are now recognized 
and the gaps to be closed are known. 
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